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Mitochondria play significant role in many diseases and sustained mitochondrial 
activity is essential for healthy life. So, it is important to understand the 
structure, physiology, and bioenergetics of mitochondria. ROS (reactive oxygen 
species) oxidize surrounding molecules to impair their functions thus leading to 
many diseases. Since mitochondria, a major source of ROS, are principal organelles 
for energy metabolism, suppression of overproduction of ROS in mitochondria is 
important for cells. Therefore, mitochondria should have a balancing mechanism 
for ROS generation. Spontaneous transient depolarization, a rapid and transient 
decrease in membrane potential of individual mitochondria, is a physiological 
phenomenon widely observed from plants to mammals. Uncoupling of mitochondria is 
able to reduce ROS production; therefore, it is likely that transient 
depolarization could reduce ROS production. Nevertheless, transient 
depolarization has been observed with increased ROS production. So, the exact 
relationship of transient depolarization and ROS production has not been 
clarified. In our study, we studied how the spontaneous transient depolarization 
observed in individual mitochondria influenced the ROS production by taking 
consideration of the interrelationship among matrix pH, transient depolarization, 
and ROS production. Increasing the matrix pH after the addition of substrates or 
by the exposure of the isolated mitochondria to a high-pH buffer, transient 
depolarization was stimulated. In the mitochondria in intact H9c2 cells we 
observed a similar stimulation of transient depolarization by an increased matrix 
pH. We then modified the mitochondrial membrane potential and matrix pH by adding 
K+ in the presence of valinomycin, a K+ ionophore, and confirmed that an increase 
in the matrix pH is a major cause of ROS generation. Through the suppression of 
the transient depolarization without decreasing the matrix pH by the addition of 
ADP in the presence of oligomycin, we observed decreased O2 consumption in 
mitochondria, increased matrix pH, and enhanced ROS production. Based on these 
results, we proposed a model where 1) ROS are more likely to be generated when 
the matrix pH increases due to an imbalance between proton influx and efflux; 2) 
the increased matrix pH induces the opening of a proton channel; 3) the transient 
depolarization resulted from sudden inflow of protons decreases the matrix pH 
and diminishes ROS production; and 4) following a decrease in matrix pH, the 
channel closes, and the proton motive force (pmf) is formed again. This study 
progresses our understanding of mitochondrial behavior. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
